Background: iMAP is a new intravascular ultrasound (IVUS) derived technique for tissue characterization using spectral analysis. Since there is a need for reproducibility data to design longitudinal studies, we sought to assess the in vivo reproducibility of this imaging technique. Methods: iMAP (40 MHz, Boston Scientific Corporation) was performed in patients referred for elective percutaneous intervention and in whom a nonintervened vessel was judged suitable for a safe IVUS analysis. Overall 20 patients with 20 non-angiographically significant lesions were assessed by two independent observers. Five of these 20 patients received an additional iMAP analysis using a new IVUS catheter and using the same catheter after its engagement and reengagement. Results: The interobserver relative difference in plaque area was 2.5%. Limits of agreement for lumen, vessel, and plaque area measurements were 1. ; respectively. The intercatheter and intracatheter relative difference in plaque area were 0.9% and 4.1%, respectively. Although the variability for compositional measurements increased using two different catheters or using the same catheter twice, the variability for compositional measurements keeps always below 10%. Conclusions: Our analysis demonstrates that the geometrical and compositional iMAP analysis is acceptably reproducible.
INTRODUCTION
In interventional cardiology practice, intravascular ultrasound (IVUS) has been used for quantification of the extent, severity, distribution, and morphology of coronary atherosclerosis [1] . In addition, it has also been used to evaluate the temporal effect of novel therapies on plaque progression [2] [3] [4] [5] .
Over the last years, in-vivo ultrasound tissue characterization interpreting the backscattering signal has been developed to provide some important additional information on coronary atherosclerosis [6] . Necrotic core detected by IVUS-virtual histology (VH) has been extensively studied [7] and related to clinical characteristics [8] and cardiovascular risk score [9] and associated with high risk of events in the PROSPECT trial [10] . IVUS-VH has also been used for testing the effi-cacy of novel therapies [11] . The reproducibility of this technique was shown to be acceptable for use in longitudinal studies [12] .
Recently, a new intravascular ultrasound-based catheter (iMAP, Boston Scientific Corporation) for tissue interpretation has been developed, using a pattern recognition algorithm on the spectra obtained from a fast Fourier transformation and histology-derived database [13] .
We sought to study the inter-and intraobserver, intracatheter and intercatheter variabilities of iMAP measurements at a single-time-point, simulating a longitudinal study. In particular, we focused on the assessment of the variability of the necrotic core because it is one of the most clinically relevant parameters.
METHODS

Patient Population
This was a prospective, investigators-driven study that sought to explore the in vivo reproducibility of spectral analysis of iMAP-IVUS (Boston Scientific Corporation). The study population consisted of consecutive patients, who were referred for elective percutaneous coronary interventions and in whom a nonintervened vessels was judged suitable for IVUS analysis of a vessel segment of at least 30 mm. Two institutions participated in this study, Erasmus Medical Center in Rotterdam, the Netherlands and Ulsan University Hospital, Ulsan, Korea.
Exclusion criteria included the presence of severe calcification and/or vessel tortuosity and patient's hemodynamic instability.
iMap-IVUS Catheter and Acquisition
iMap IVUS uses a 40-MHz single-rotational transducer on a drive shaft and can acquire radiofrequency data continuously, when connected to Boston Scientific's iLab V R Ultrasound Imaging System. As it uses a 40-MHz transducer, iMap-IVUS has high axial resolution but displays specific artifacts such as nonuniform rotational distortion because it is a rotational catheter. iMap uses a pattern recognition algorithm on a spectra obtained from a fast Fourier transformation and a histology-derived database [13] . Using a color-code, iMap depicts fibrotic tissue as light green, lipidic tissue as yellow, necrotic tissue as pink, and calcified tissue as blue [14] .
The IVUS catheters used were commercially available mechanical array catheters (Boston Scientific Corporation). The catheter probe, after intracoronary administration of isosorbide dinitrate, was advanced at least 10 mm distal to a clearly visible side branch and angiographic cine runs, before and during contrast injection, were performed to define the position of the IVUS catheter before the pullback was started. The catheter was withdrawn at a continuous automated pullback of 0.5 mm/sec. Subsequently, some of the patients included, underwent the same procedure using a new catheter (iMAP 40 MHz, Boston Scientific Corporation) or using the same catheter, after its disengagement and reengagement, with the same side branches as landmarks. Data acquired were stored in a DVD for offline analysis.
iMap-IVUS Analysis
A region of interest (ROI) was identified between one proximal and one distal side branch. Contour detection of the lumen and the media-adventitia interface was performed by two independent experienced IVUS analysts, using a dedicated software (QIvus, Medis, Leiden, The Netherlands). One of these two IVUS analyst reanalyzed the same cases at time interval of 1 week, leading to the possibility of multiple comparisons: interobserver variability (observer 1 and 2); intraobserver variability (2 times observer 1); intercatheter variability [observer 1 (catheter 1 and catheter 2)]; and intracatheter variability [observer 1 (same catheter with two pullbacks)] (Fig. 1) . Intracatheter, intercatheter, and interobserver agreement were calculated per ROI.
As the software used for the analysis allows the analyst to mask the shadow of the guidewire, usually detected as necrotic core, and to detect as black the signal underneath calcium, we also evaluated the variability introduced by these software features in the compositional measurements within a pullback, using the same catheter with the same geometrical contours.
The contours of the external elastic membrane (EEM) and the lumen-intima interface enclosed an area that was defined as the coronary plaque plus media area. Geometrical data were obtained for each crosssectional area and an average was calculated for each ROI. Compositional data were obtained for each ROI as volume and calculated for each cross-sectional area as percentage. 
Statistical Analysis
Discrete variables are presented as counts and percentages. Continuous variables are presented as mean AE standard deviation (SD). Correlation test and BlandAltman plots were performed [16] . Limits of agreement were determined by adding two standard deviations to the mean difference for the upper limit and by subtracting two standard deviations from the mean difference for the lower limit. A two-sided P value of less than 0.05 indicated statistical significance. Statistical analysis was performed with SPSS 16.0 software (SPSS, Chicago, IL).
RESULTS
Patient Population
Twenty consecutive patients with 20 nonsignificant lesions were included in the study. Baseline characteristics of the patients are shown in Table I . There were no periprocedural complications. The length of the ROI was 32.9 AE 11.5 mm.
Inter-and Intraobserver Agreement (Tables II and III) For the assessment of the inter-and intraobserver agreement, a comparison between the same matched ROI analyzed by the two independent analysts or by the same analysis was done. The two datasets were merged resulting in a paired inter-and intraobserver agreement evaluation of 7,832 frames.
The relative interobserver differences regarding geometrical measurements were acceptable. Narrow limits of agreement were found between observers for geometrical (limits of agreement for lumen, vessel, and plaque area measurements of 1.62, À2.47 mm (Figs. 2 and 3) . In particular, calcified volumes showed the highest agreement within the compositional measurements.
The relative intraobserver differences regarding geometrical and compositional measurements were better than the interobserver differences. In particular, the improvement in geometrical measurement difference resulted in a reduced difference in necrotic core detection (Table III) . (Tables IV and V) For the assessment of the intercatheter agreement, a comparison between the same ROI acquired with two different catheters and analyzed by one observer was done. For the assessment of the intracatheter agreement, a comparison between the same ROI acquired with the same catheter and analyzed by one observer Note: Regarding tissue characterization guidewire (GW) artifact of the image is to be considered as un-analyzable. Similarly, an adequate spectral analysis is not present behind the calcium, due to the drop of the signal. Therefore, this table shows a comparison between the conventional analysis (without excluding parts of the iMAP image) and an analysis excluding these parts by masking the GW artifact of the region behind the calcium.
Inter-and Intracatheter Agreement
was done. The relative intercatheter differences regarding geometrical measurements were negligible in both analyses and better than the interobserver differences, as only one observer analyzed these data. With regards to the compositional measurements, the largest relative difference was found either in necrotic or calcific tissues measurement (Fig. 4) .
Variability According to Various Tool of the Analysis Software (Table VI) Using the guidewire mask and the black pixel classification features of the software, the variability in detecting the various compositional components increases within the same pullback. In particular, the relative difference in detecting necrotic core was shown to be the highest.
DISCUSSION
The main findings of the present study are (1) iMAP geometrical measurements have an acceptable reproducibility, while compositional measurements showed lower reproducibility results; (2) in particular, necrotic core tissue had the worst reproducibility in general, while calcified tissue had acceptable reproducibility in the interobserver setting, but high variability in the inter-and intracatheter variability. In addition, our study has the unique characteristic to have used two iMAP-IVUS catheters and a same iMAP-IVUS catheter twice for the evaluation of a same ROI, thus simulating a scenario of a longitudinal study.
Compositional measurements, in particular necrotic tissue, have a high variability depending on the geometrical measurements. This was an expected result, which confirms our previous findings in studying the reproducibility of the other ultrasound-based tissue technique so far available (IVUS-VH) [12] . Equal to our previous report on IVUS-VH technique, we found that interobserver and intercatheter differences are at highest 10%, highly correlated and with a good agreement. Of note is that necrotic tissue showed the largest variability in the various analyses performed. This finding has an extreme importance in the design of longitudinal studies, as necrotic tissue is the most relevant and studied component of coronary plaques [10] and its variability between two observers and/or two different iMAP pullbacks has to be taken into account to evaluate its temporal change.
It is noteworthy that geometrical contours detection is important in the reproducibility of the compositional iMAP measurements. In particular, some of the observed variability in necrotic volume tissue detection (10.2%) may be due to the interobserver variability (plaque burden difference between observers was 1.9%), whereas intercatheter variability contributes with 5.2% in necrotic tissue detection. Interestingly, although the intracatheter variability was 1.3% in plaque burden, the necrotic tissue detection was still high compared to the previous variabilities. One of the reasons may be due to the fact the iMAP classifies as necrotic tissue all the attenuated areas within the plaque (deeper plaque) and also the areas behind the calcium. Indeed drawing the vessel contour behind the calcium introduces important variability and the magnitude depends on the extension of the arc of calcification [17] . Calcium measurements showed a higher variability in the inter-and intracatheter analyses than in the interobserver analysis, despite a lower variability in geometrical measurements. Use of different catheters with different piezoelectric crystals or ''fatigue'' of the same catheter used twice could explain these findings (Fig. 5) . The variability of the other iMAP plaque components also increases from the intercatheter to the intracatheter analysis. Our study with this regard may provide some thresholds over which changes are statistically significant.
It is also important to consider that iMAP-IVUS catheter is a sheath based mechanical imaging catheter and compared with electronic nonsheath based IVUS-VH imaging catheter enables to obtain with more probability an uniform pullback, having that a clear importance on size and compositional measurements of atherosclerotic plaques. 6 . The information lost due to the wire shadow is depending on where the shadow is located. If the shadow is projected on the coronary plaque, a bigger part of the plaque is excluded from the analysis (B), as compared if the shadow is projected on a part of the vessel wall without plaque (A).
The software used for the analysis allows the exclusion of the wire shadow from the tissue characterization (C1-C3) and/or the exclusion of the tissue underneath calcification, where an adequate spectral analysis is not possible due to the drop of the signal (C4).
